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©  A  memory  card  of  the  present  invention  serves 
as  a  reusable  prepaid  card.  In  the  memory  card, 
prepaid-money  data  is  stored  in  a  user  memory 
(100)  constituted  of  a  flash  erase  EEPROM,  and 
decreased  as  the  card  is  used.  When  the  prepaid- 
money  data  becomes  zero,  the  user  memory  (100) 
is  initialized.  The  memory  card  includes  an  EPROM 
(200)  to  which  data  of  a  predetermined  number  of 

times  of  initialization  is  preset  and  which  decreases 
in  data  of  the  number  of  times  of  initialization  and  an 
initialization  control  logic  (210)  for  executing  initial- 
ization  in  response  to  an  initialization  command  until 
data  of  the  EPROM  (200)  becomes  zero,  and  inhibit- 
ing  the  initialization  even  though  the  initialization 
command  is  input  when  the  data  becomes  zero. 
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The  present  invention  relates  to  a  memory  card 
usable  as  a  prepaid  card  or  the  like  and,  more 
particularly,  to  a  memory  card  including  a  non- 
volatile  semiconductor  memory  capable  of  being 
rewritten  or  initialized  to  be  reused. 

It  is  a  magnetic  card  that  has  been  used  con- 
ventionally  as  the  main  stream  of  a  prepaid  card. 
The  magnetic  card  is  constituted  such  that  a  mag- 
netic  substance  is  applied  to  part  of  one  side  of  a 
card  substrate  of  plastics  or  the  like  and  data 
corresponding  to  the  amount  of  prepaid  money  is 
magnetically  recorded  on  the  magnetic  part  of  the 
card  substrate.  The  magnetic  card  has  the 
drawback  wherein  it  is  easy  to  be  counterfeited 
because  of  simple  structure  and  low  cost  for  coun- 
terfeit,  though  its  manufacturing  cost  is  low.  To 
eliminate  the  drawback,  an  IC  memory  card  (simply 
referred  to  as  a  memory  card  hereinafter)  mounted 
with  an  IC  memory  has  recently  been  used  as  a 
prepaid  card  since  the  memory  card  is  so  high  in 
cost  for  counterfeit  that  it  cannot  be  counterfeited. 
In  the  memory  card,  a  memory  section  (memory 
cell)  for  recording  data  is  constituted  of  fuse 
memories  incapable  of  being  rewritten,  and  the 
amount  of  used  money  is  counted  and  recorded  by 
disconnection  of  the  fuse  memories. 

However,  if,  in  the  above  memory  card,  the 
prepaid  money  are  completely  spent,  all  the  fuse 
memories  are  cut  off,  and  the  memory  card  has  to 
be  thrown  away  since  it  cannot  be  used  any  more. 
The  memory  card  is  therefore  unfavorable  for  pro- 
tection  of  resources  and  prevention  of  environmen- 
tal  pollution.  Since,  furthermore,  the  memory  card 
cannot  be  reused,  its  own  manufacturing  cost  is 
increased. 

The  fuse  memories  can  be  replaced  with  an 
EEPROM  (Electrically  Erasable  Programmable 
ROM)  in  order  to  reuse  the  prepaid  card.  If,  how- 
ever,  a  rewrite  operation  is  allowed  without  restric- 
tion,  the  following  drawback  occurs:  In  case  a  write 
command  leaks  out  to  a  user,  the  user  is  likely  to 
rewrite  the  EEPROM  and  to  use  the  prepaid  card 
without  restriction. 

The  present  invention  has  been  developed  in 
consideration  of  the  above  situation  and  its  object 
is  to  provide  a  new,  improved  memory  card  which 
can  be  reused  without  dishonesty. 

A  memory  card  according  to  the  present  inven- 
tion  comprises: 

memory  means  capable  of  being  initialized; 
initialisation  means  for  initializing  the  memory 

means  upon  receiving  an  initialization  command; 
count  means  for  counting  the  number  of  times 

the  memory  means  is  initialized  by  the  initialization 
means;  and 

initialization  control  means  for,  when  the  num- 
ber  of  times  counted  by  the  count  means  is  equal 
to  or  larger  than  a  predetermined  value,  inhibiting 

the  initialization  means  from  being  operated. 
Additional  objects  and  advantages  of  the 

present  invention  will  be  set  forth  in  the  description 
which  follows,  and  in  part  will  be  obvious  from  the 

5  description,  or  may  be  learned  by  practice  of  the 
present  invention.  The  objects  and  advantages  of 
the  present  invention  may  be  realized  and  obtained 
by  means  of  the  instrumentalities  and  combinations 
particularly  pointed  out  in  the  appended  claims. 

io  This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

FIG.  1  is  a  block  diagram  showing  a  memory 
75  card  according  to  a  first  embodiment  of  the 

present  invention; 
FIG.  2  is  a  block  diagram  showing  an  erase 
control  logic  of  the  memory  card  according  to 
the  first  embodiment; 

20  FIG.  3A  is  a  view  showing  a  format  of  com- 
mands  supplied  from  a  terminal  device  to  the 
memory  card  shown  in  FIG.  1; 
FIG.  3B  is  a  table  showing  command  codes; 
FIG.  4  is  a  timing  chart  showing  an  operation  of 

25  the  memory  card  according  to  the  first  embodi- 
ment; 
FIG.  5  is  a  table  showing  signal  levels  indicative 
of  operations  of  respective  sections  of  the  mem- 
ory  card  according  to  the  first  embodiment; 

30  FIG.  6  is  a  block  diagram  showing  an  erase 
control  logic  of  a  memory  card  according  to  a 
second  embodiment  of  the  present  invention; 
FIG.  7  is  a  table  showing  an  operation  of  a 
counter  of  the  erase  control  logic  shown  in  FIG. 

35  6; 
FIG.  8  is  a  timing  chart  showing  an  operation  of 
the  memory  card  according  to  the  second  em- 
bodiment; 
FIG.  9  is  a  block  diagram  showing  a  memory 

40  card  according  to  a  third  embodiment  of  the 
present  invention;  and 
FIG.  10  is  a  block  diagram  showing  an  erase 
control  logic  of  the  memory  card  according  to 
the  third  embodiment. 

45  A  preferred  embodiment  of  a  memory  card 
according  to  the  present  invention  will  now  be 
described  with  reference  to  the  accompanying 
drawings.  The  following  descriptions  are  based  on 
the  premise  that  the  memory  cards  are  used  as 

50  prepaid  cards,  such  as  a  telephone  card. 
The  memory  cards  of  the  present  invention 

each  includes  an  IC  chip  mounted  on  a  plastic  card 
substrate.  FIG.  1  shows  a  circuit  formed  on  an  IC 
chip  of  a  memory  card  according  to  the  first  em- 

55  bodiment  of  the  present  invention. 
The  circuit  shown  in  FIG.  1  includes  a  user 

memory  100  of  a  flash  erase  EEPROM,  a  wired 
logic  circuit  for  controlling  read,  write  and  erase 
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operations  for  a  number  of  memory  cells  constitut- 
ing  the  user  memory  100,  and  the  like.  Data  of  a 
predetermined  number  of  memory  cells  of  the  user 
memory  100  are  preset  to  "1"  and  rewritten  in 
sequence  from  "1  "  to  "0"  by  a  user  terminal 
device  (e.g.,  public  telephone)  in  accordance  with 
the  call  units.  The  number  of  memory  cells  set  to 
"1  "  represents  the  balance  of  prepayment.  When 
the  balance  is  zero,  i.e.  when  data  of  all  the  mem- 
ory  cells  are  set  to  "0",  a  card  issuer  terminal 
device  allows  data  of  a  predetermined  number  of 
memory  cells  of  the  user  memory  100  to  be  rewrit- 
ten  from  "0"  to  "1  "  simultaneously;  therefore,  the 
memory  card  can  be  reused.  This  simultaneous 
rewrite  operation  is  called  erase  or  initialization. 

The  terminal  device  (including  both  the  user 
and  card  issuer  terminal  devices)  supplies  a  sync 
clock  CLK  to  a  clock  generator  10,  and  the  clock 
generator  10  generates  an  internal  clock  fc.  The 
terminal  device  also  supplies  a  command  (CS: 
Chip  Select,  Din:  Data  Input),  and  the  command  is 
input  to  a  command  decoder  20  in  synchronization 
with  the  internal  clock  fc.  The  command  decoder 
20  outputs  an  erase  signal  ERASE  and  a  read/write 
signal  READ/WRITE  to  an  erase  control  logic  210 
(the  details  of  which  are  shown  in  FIG.  2)  and  a 
read/write  control  logic  110,  respectively,  in  re- 
sponse  to  the  input  command.  The  control  logics 
210  and  110  are  each  constituted  by  a  wired  logic 
for  performing  read,  write  and  erase  operations  for 
the  respective  memory  cells  of  the  user  memory 
100  through  an  address  decoder  120  in  response 
to  the  signals  output  from  the  command  decoder 
20. 

The  format  of  commands  input  to  the  com- 
mand  decoder  20  is  shown  in  FIG.  3A.  The  com- 
mands  include  an  instruction  code  INS,  an  address 
ADDRESS,  a  data  length  LEN,  and  a  data  DATA. 
As  shown  in  FIG.  3B,  the  instruction  code  INS  has 
"$00",  "$01  "  and  "$02"  representing  a  read  com- 
mand,  a  write  command,  and  an  erase  command, 
respectively. 

The  user  memory  100  is  employed  as  a  user's 
data  memory,  and  a  predetermined  number  of 
memory  cells  thereof  are  preset  to  the  initial  value 
"1  ".  When  the  prepaid  card  is  used  as  a  telephone 
card,  the  number  of  memory  cells  preset  to  the 
initial  value  "1  "  corresponds  to  the  call  units  usable 
by  the  prepaid  card.  The  user  memory  100  is 
accessed  through  the  address  decoder  120  for 
address  control  and  data  register  130  for  data 
control.  The  data  register  130  supplies  data  to  the 
terminal  device  via  an  output  buffer  140. 

Data  of  the  memory  cells  of  the  user  memory 
100  corresponding  to  the  call  units  are  sequentially 
rewritten  from  "1  "  to  "0"  in  response  to  a  com- 
mand  from  the  user  terminal  device.  When  data  of 
all  the  memory  cells  are  rewritten  to  "0",  the  pre- 

paid  card  cannot  be  used  any  more.  To  not  discard 
but  reuse  the  card,  it  is  so  designed  that  the  card 
issuer  is  able  to  rewrite  (initialize  or  erase)  all  data 
of  a  predetermined  number  of  memory  cells  of  the 

5  user  memory  100  to  "1  "  at  the  same  time. 
The  read/write  control  logic  110  controls  a 

read/write  operation  for  each  memory  cell  of  the 
user  memory  100  in  response  to  a  command  input 
to  the  command  decoder  20  from  outside.  The 

io  read/write  control  logic  110  is  a  circuit  for  control- 
ling  the  timing  and  Vpp  of  the  data  read/write 
operation. 

An  EPROM  (Electrically  Programmable  ROM) 
200  for  counting  the  number  of  initialization  of  the 

is  user  memory  100,  is  connected  to  the  erase  con- 
trol  logic  210.  In  the  first  embodiment,  not  the 
number  of  times  of  erase  itself,  but  the  remaining 
number  of  times  allowing  an  erase  operation,  is 
stored  in  the  EPROM  200  and,  when  the  data  (the 

20  remaining  number)  stored  in  the  EPROM  200  be- 
comes  0,  the  erase  control  logic  210  inhibits  the 
erase  operation.  For  this  reason,  the  EPROM  200 
has  memory  cells  the  number  of  which  corre- 
sponds  to  the  number  of  times  the  prepaid  card 

25  can  be  initialized,  and  inverts  data  of  the  memory 
cells  whenever  the  card  is  initialized.  This  initializa- 
tion  can  be  continued  until  data  of  all  the  memory 
cells  are  inverted.  It  should  be  noted  that  the 
EPROM  200  differs  from  the  user  memory  100  in 

30  that  it  is  incapable  of  being  rewritten  (or  initialized). 
The  EPROM  200  can  be  replaced  with  a  fuse  ROM 
having  fuses  the  number  of  which  corresponds  to 
the  number  of  times  allowing  the  initialization,  to 
cut  off  the  fuses  every  initialization.  In  either  case, 

35  it  is  necessary  that  the  EPROM  200  cannot  be 
accessed  (or  rewritten)  by  the  external  terminal 
device.  The  card  can  thus  be  prevented  from  being 
initialized  (reused)  over  a  predetermined  number  of 
times  and  can  be  prevented  from  being  used  dis- 

40  honestly  without  restriction. 
The  erase  control  logic  210  may  inhibit  the 

erase  operation  when  the  number  of  times  of  erase 
amounts  to  a  predetermined  number  stored  in  the 
EPROM  200. 

45  FIG.  2  is  a  block  diagram  showing  the  details 
of  the  erase  control  logic  210.  The  erase  control 
logic  210  comprises  a  timing  control  circuit  212, 
which  has  a  binary  up-counter,  a  comparator,  and 
the  like,  for  outputting  timing  signals  Co  to  C3  at 

50  predetermined  timing,  upon  receiving  the  erase 
command  ERASE  from  the  command  decoder  20. 
The  binary  up-counter  counts  the  outputs  of  a  CR 
timer  (not  shown)  incorporated  therein  or  the  inter- 
nal  clocks  fc  generated  from  the  clock  generator 

55  10,  and  measures  time.  The  comparator  compares 
the  values  counted  by  the  binary  up-counter  with  a 
preset  value  to  determine  whether  the  timing  sig- 
nals  are  to  be  output.  The  output  signals  Co  and  C1 

4 



5 EP  0  646  892  A2 6 

of  the  timing  control  circuit  212  are  supplied  to  an 
output  enable  terminal  OE  and  a  write  enable  ter- 
minal  WE  of  the  EPROM  200,  respectively.  While 
the  output  signal  C2  is  a  timing  signal  for  fetching 
the  data  of  the  EPROM  200  to  a  shift  register  21  1  , 
the  output  signal  C3  is  a  timing  signal  for  shifting 
the  contents  of  the  shift  register  21  1  to  the  right  (to 
the  upper  bit).  Upon  shifting  of  the  data  to  the 
upper  bit,  "0"  is  set  to  the  least  significant  bit.  The 
falling  edges  of  signals  C2  and  C3  are  significant 
(see  FIG.  4). 

The  EPROM  200  has  an  n-bit  structure,  where- 
as  the  shift  register  211  has  an  n  +  1  -bit  structure. 
Data  terminals  D0  to  Dn  of  the  EPROM  200  are 
connected  to  data  terminals  D1  to  Dn+1  of  the  shift 
register  211,  respectively,  and  also  connected  to 
the  input  terminals  of  an  OR  gate  213.  The  least 
significant  bit  data  terminal  D0  of  the  shift  register 
211  is  connected  to  a  ground  level  "0". 

The  output  of  the  OR  gate  213  is  supplied  to  a 
first  input  terminal  of  an  AND  gate  214.  The  output 
signal  Co  of  the  timing  control  circuit  212  is  in- 
verted,  and  the  inverted  signal  is  supplied  to  a 
second  input  terminal  of  the  AND  gate  214.  The 
output  signal  of  the  AND  gate  214  is  input  to  the 
address  decoder  120  as  an  erase  control  signal 
ERS.  When  the  signal  ERS  is  equal  to  "0",  data  of 
the  user  memory  100  is  inhibited  from  being 
erased  (initialized).  When  ERS  is  equal  to  "1  ",  the 
data  is  allowed  to  be  erased  (initialized). 

An  operation  of  the  memory  card  according  to 
the  first  embodiment  of  the  present  invention,  will 
now  be  described. 

When  a  user  inserts  the  memory  card  into  a 
public  telephone  to  make  a  call,  the  telephone 
rewrites  data  of  a  memory  cell  of  the  user  memory 
100  from  "1"  to  "0"  whenever  a  predetermined  call 
time  elapses.  When  data  of  all  the  memory  cells 
are  rewritten  to  "0",  the  user  cannot  call  any  more. 
To  allow  the  memory  card  to  be  reused  afterward, 
the  card  issuer  initializes  the  user  memory  100  to 
change  the  data  of  a  predetermined  number  of 
memory  cells  to  "1  "  at  once,  using  the  terminal 
device.  This  initialization  (erase)  will  be  described 
with  reference  to  the  timing  chart  shown  in  FIG.  4. 

The  memory  card  of  the  first  embodiment  de- 
termines  whether  data  can  be  erased  or  not  when 
receiving  an  erase  command  (a  command  to  initial- 
ize  the  user  memory  100)  from  an  external  device 
(e.g.,  a  card  writer).  If  it  is  determined  that  data  can 
be  erased,  the  erase  is  executed.  If  not,  the  erase 
is  not  executed.  Whether  data  can  be  erased  de- 
pends  upon  whether  the  number  of  times  of  erase 
reaches  a  predetermined  value.  More  specifically, 
when  the  erase  (initialization)  is  completed,  the 
data  of  the  EPROM  200,  which  represents  the 
remaining  number  of  times  the  erase  operation  can 
be  performed,  is  updated  (decremented  in  units  of 

one).  If  the  remaining  number  is  0,  data  cannot  be 
erased. 

The  initialization  of  the  user  memory  100  is  to 
rewrite  data  of  the  predetermined  number  of  mem- 

5  ory  cells  to  the  initial  value  "1  "  at  once.  For  exam- 
ple,  even  though  50  call  units  of  a  telephone  card 
are  used  up,  they  can  be  recovered  by  the  initial- 
ization. 

The  command  decoder  20  decodes  an  exter- 
10  nally  supplied  command.  When  the  command  de- 

coder  decodes  a  read  command,  it  supplies  a  read 
signal  and  its  address  signal  to  the  read/write  con- 
trol  logic  110,  thereby  reading  data  of  a  designated 
memory  cell.  This  read  operation  is  carried  out  at 

15  the  beginning  of  use  of  the  memory  card  to  check 
the  remaining  call  units  of  the  card.  When  the 
remaining  call  unit  is  0,  a  call  cannot  be  started. 

When  a  call  is  started,  a  telephone  charge  is 
added  whenever  a  predetermined  period  of  time 

20  elapses,  and  a  telephone  rewrites  in  sequence  data 
of  each  memory  cell  of  the  card  from  "1  "  to  "0". 
The  telephone  therefore  outputs  a  write  command 
(to  write  data  "0")  every  time  a  predetermined 
period  of  time  elapses.  When  the  command  de- 

25  coder  20  decodes  a  write  command,  a  write  com- 
mand  signal,  its  address  signal,  and  write  data 
("0")  are  supplied  to  the  read/write  control  logic 
110,  with  the  result  that  data  of  a  designated  mem- 
ory  cell  is  rewritten  to  "0".  When  the  telephone 

30  charges  are  added,  the  terminal  device  reads  data 
of  the  memory  cells  and,  if  the  data  of  all  the 
memory  cells  are  rewritten  to  "0",  forces  the  call  to 
end  after  a  lapse  of  a  given  period  of  time. 

If  the  command  decoder  20  decodes  an  erase 
35  command  (initialization  command),  it  supplies  an 

erase  command  ERASE  to  the  erase  control  logic 
210  (timing  to),  as  shown  in  FIG.  4.  The  initial 
values  of  timing  signals  Co  and  C1  of  the  timing 
control  circuit  212  are  each  "1  "  and  those  of  timing 

40  signals  C2  and  C3  thereof  are  each  "0".  Upon 
receiving  the  erase  command  ERASE,  the  timing 
control  circuit  212  changes  the  timing  signal  Co 
from  "1  "  to  "0"  after  a  lapse  of  a  predetermined 
period  of  time  (timing  ti).  The  timing  signal  C1 

45  remains  at  "1  ".  The  EPROM  200  is  therefore  set  in 
an  output  enable  state,  and  data,  which  corre- 
sponds  to  the  remaining  number  of  times  the  card 
can  be  initialized,  are  read  out  from  the  data  termi- 
nals  Do  to  Dn  of  the  EPROM  200  and  then  supplied 

50  to  the  AND  gate  214  through  the  OR  gate  213. 
When  the  AND  gate  214  outputs  the  erase 

control  signal  ERS  and  the  number  of  times  of 
erase  amounts  to  the  allowable  value,  data  of  the 
EPROM  200  are  all  set  to  "0".  When  the  number 

55  of  times  of  erase  is  smaller  than  the  allowable 
value,  if  the  timing  signal  Co  is  changed  from  "1  " 
to  "0"  in  response  to  the  erase  command  ERASE, 
the  AND  gate  214  issues  its  inverted  signal  as  the 

5 
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erase  control  signal  ERS.  When  the  number  of 
times  of  erase  exceeds  the  allowable  value,  it  does 
not  issue  the  signal  ERS  even  when  the  timing 
signal  Co  is  changed  to  "0". 

The  command  decoder  20  sets  the  initialization 
data  "1"  to  the  data  register  130,  and  the  address 
decoder  120  generates  addresses  of  a  predeter- 
mined  number  of  memory  cells  to  be  initialized  in 
response  to  the  erase  control  signal  ERS.  Thus 
data  of  a  predetermined  number  of  memory  cells 
are  initialized  as  "1  "  and  the  memory  card  can  be 
reused  accordingly. 

When  a  predetermined  period  of  time  elapses 
further,  the  timing  control  circuit  212  sets  the  tim- 
ing  signal  C2  to  level  "1  "  for  the  given  period  of 
time.  The  shift  register  21  1  receives  data  from  the 
data  terminals  D0  to  D2  of  the  EPROM  200  to  the 
data  terminals  D1  to  D3  in  synchronization  with  the 
fall  of  the  timing  signal  C2  (timing  t2). 

If  the  timing  signal  Co  is  returned  to  "1  "  at 
timing  t3  after  all  the  data  are  erased  at  once,  the 
output  of  the  AND  gate  214  is  rendered  at  "0",  and 
the  erase  control  signal  ERS  stops  issuing  there- 
from.  When  the  timing  signal  C3  is  changed  from 
"1  "  to  "0"  at  timing  t+,  data  of  the  shift  register  21  1 
is  shifted  toward  the  most  significant  bit  while  "0" 
is  set  to  the  least  significant  bit.  When  the  timing 
signal  C1  is  changed  to  "0"  at  timing  t5,  the  EP- 
ROM  200  is  set  in  a  write  enable  state,  and  the 
shifted  data  is  written  back  to  the  EPROM  200, 
thereby  updating  data  representing  the  number  of 
times  allowing  the  initialization. 

Whenever  an  erase  operation  is  performed, 
data  of  each  bit  of  the  EPROM  200  are  changed  to 
"0"  in  sequence,  starting  from  the  least  significant 
bit.  When  the  prescribed  number  of  erase  oper- 
ations  are  completed,  all  bits  of  the  data  are 
changed  to  "0".  Therefore,  the  output  of  the  OR 
gate  213  is  changed  to  "0",  and  the  AND  gate  214 
is  incapable  of  generating  the  erase  control  signal 
ERS. 

FIG.  5  shows  signal  levels  indicating  an  opera- 
tion  of  the  erase  control  logic  210  performed  when 
the  number  of  times  allowing  the  initialization  is 
three. 

According  to  the  memory  card  of  the  first  em- 
bodiment  which  can  be  reused  by  means  of  a 
rewritable  semiconductor  memory,  when  the  num- 
ber  of  times  allowing  the  erase  operation,  which  is 
preset  to  the  EPROM  200  serving  as  an  externally 
inaccessible  counter,  is  decreased  to  zero,  the 
initialization  of  the  user  memory  100  is  inhibited. 
Therefore,  the  number  of  times  of  initialization  can 
be  always  restricted  to  a  predetermined  value. 
Even  though  the  initialization  command  leaks  out  to 
a  user,  the  memory  card  can  be  prevented  from 
being  used  dishonestly  without  restriction.  Since 
the  erase  control  logic  210  is  constituted  by  an 

externally  inaccessible  wired  logic  circuit,  the  num- 
ber  of  times  of  initialization  cannot  be  rewritten 
dishonestly.  The  memory  card  of  the  present  in- 
vention  is  superior  in  protection  of  resources  and 

5  prevention  of  environmental  pollution  to  a  dispos- 
able  prepaid  card  and  has  the  advantage  of  lower 
manufacturing  costs  per  sheet  than  that  of  the 
disposable  prepaid  card. 

A  memory  card  according  to  the  second  em- 
10  bodiment  of  the  present  invention  will  now  be  de- 

scribed.  In  the  second  embodiment,  the  same 
components  as  those  of  the  first  embodiment  are 
indicated  by  the  same  reference  numerals  and 
their  detailed  descriptions  are  omitted. 

15  FIG.  6  is  a  circuit  diagram  showing  the  details 
of  an  erase  control  logic  210a  of  the  memory  card 
of  the  second  embodiment.  Since  the  entire  circuit 
of  the  second  embodiment  is  the  same  as  that  of 
the  first  embodiment  shown  in  FIG.  1,  its  descrip- 

20  tion  is  omitted. 
The  erase  control  logic  210a,  which  is  a  wired 

logic  circuit  including  a  binary  up-counter,  a  com- 
parator,  and  the  like,  comprises  a  timing  control 
circuit  232  for  outputting  timing  signals  Co  and  C1 

25  at  predetermined  timing  upon  receiving  an  erase 
command  ERASE  from  the  command  decoder  20. 
The  binary  up-counter  counts  the  outputs  of  a  CR 
timer  (not  shown)  incorporated  therein  or  the  inter- 
nal  clocks  fc  generated  from  the  clock  generator 

30  10,  and  measures  time.  The  comparator  compares 
the  values  counted  by  the  binary  up-counter  with  a 
predetermined  value  to  determine  whether  the  tim- 
ing  signals  are  to  be  output.  The  output  signal  Co 
of  the  timing  control  circuit  232  is  supplied  to  a 

35  clear  terminal  CLR  of  an  n-bit  binary  up-counter 
230  via  a  fuse  234,  and  the  output  signal  C1 
thereof  is  supplied  to  a  clock  terminal  CLK  of  the 
counter  230  via  an  AND  gate  238.  A  connecting 
point  between  the  clear  terminal  CLR  and  fuse  234 

40  is  grounded  through  a  pull-down  resistor  236.  If  the 
fuse  234  is  cut  off,  the  clear  terminal  CLR  is  set  to 
"0",  and  the  counter  230  cannot  be  cleared. 

The  n-th  bit  (most  significant  bit)  output  signal 
of  the  counter  230  is  supplied  as  an  erase  control 

45  signal  ERS  to  the  address  decoder  120  through  an 
inverter  240  and  an  AND  gate  242.  The  output 
signal  C1  of  the  timing  controller  232  is  supplied  to 
the  AND  gate  240.  The  output  signal  of  the  inverter 
240  is  suppliedjo  the  AND  gate  238.  An  output 

50  enable  terminal  OE  of  the  counter  230  is  grounded. 
FIG.  7  shows  an  operation  mode  of  the  counter 

230.  When  the  output  enable  terminal  OE  is  at  "0", 
the  counter  230  is  set  in  a  read  mode  and  outputs 
a  count  value,  irrespective  of  the  conditions  of  the 

55  other  terminals  CLK,  CLR.  When  the  clear  terminal 
CLR  is  at  "0",  the  counter  230  counts  up  (  +  1)  in 
accordance  with  the  rise  of  the  clock  terminal  CLK, 
irrespective  of  the  condition  of  the  output  enable 

6 
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terminal  OE.  When  the  clear  terminal  CLR  is  at 
"1  ",  the  counter  230  clears  the  count  values,  ir- 
respective  of  the  conditions  of  the  other  terminals 
OE,  CLK. 

The  initialization  (erase)  operation  of  the  mem- 
ory  card  according  to  the  second  embodiment  will 
now  be  described,  with  reference  to  FIG.  8. 

When  the  command  decoder  20  decodes  an 
erase  (initialization)  command,  it  supplies  an  erase 
command  ERASE  to  the  erase  control  logic  210a 
(timing  to).  Upon  reception  of  the  erase  command 
ERASE,  the  timing  control  circuit  232  changes  the 
timing  signal  Co  from  "0"  to  "1  "  after  a  lapse  of  a 
predetermined  period  of  time  (timing  ti  ),  and  keeps 
the  level  "1  "  for  a  predetermined  period  of  time. 
The  clear  terminal  CLR  of  the  counter  230  is  there- 
fore  changed  to  "1  ".  If,  however,  a  given  amount  of 
current  flows  to  cut  the  fuse  234,  the  clear  terminal 
CLR  is  fixed  to  "0".  The  counter  230  is  inhibited 
from  being  cleared  afterward,  and  the  number  of 
times  of  erase  cannot  be  changed  dishonestly,  with 
the  result  that  the  memory  card  can  be  prevented 
from  being  reused  without  restriction. 

When  a  predetermined  period  of  time  elapses 
further,  the  timing  control  circuit  212a  sets  the 
timing  signal  Ci  at  "1"  (timing  t2)  and  keeps  the 
level  "1  "  for  the  given  period  of  time.  There  are 
many  cases  where  the  data  terminal  Dn  of  the  most 
significant  bit  of  the  counter  230  is  set  to  "0"  in  the 
initial  state.  Even  if  the  data  terminal  Dn  is  set  to 
"1  "  in  the  initial  state,  the  counter  230  can  be 
cleared  since  the  clear  terminal  CLR  remains  at 
"1  "  for  a  predetermined  period  of  time  by  the 
timing  signal  Co.  Thus,  the  data  terminal  Dn  is 
always  set  to  "0"  at  timing  t2.  For  this  reason,  the 
timing  signal  Ci  is  supplied  to  the  clock  terminal 
CLK  of  the  counter  230  as  it  is,  and  the  counter 
230  counts  the  number  of  times  of  erase. 

Since  the  data  terminal  Dn  of  the  counter  230 
is  set  to  "0",  the  AND  gate  242  is  conductive  so 
that  the  timing  signal  Ci  is  output  to  the  terminal 
device  as  the  erase  control  signal  ERS.  The  erase 
operation  is  thus  performed. 

Since  the  fuse  234  is  cut  off  before  the  second 
erase  operation,  the  clear  terminal  CLR  of  the 
counter  230  remains  at  "0"  even  though  the  timing 
signal  Co  is  generated.  Further,  since  the  data 
terminal  Dn  is  at  "0"  until  the  count  value  amounts 
to  2",  the  counter  230  continues  to  up-count  the 
timing  signal  Ci  corresponding  to  the  erase  com- 
mand  ERASE. 

The  timing  signal  Co  is  output  after  a  lapse  of  a 
predetermined  period  of  time  after  the  2"-th  erase 
command  ERASE  is  supplied  (timing  tio),  and  the 
timing  signal  Ci  is  output  after  a  predetermined 
period  of  time  elapses  further.  The  clock  terminal 
CLK  is  changed  to  "1  "  in  response  to  the  timing 
signal  Ci  ,  and  the  counter  230  counts  up  to  obtain 

a  count  value  of  2".  The  data  terminal  Dn  is  there- 
fore  set  to  "1  ".  Therefore,  the  AND  gates  238  and 
242  are  rendered  nonconductive  so  that  the  erase 
control  signal  ERS  is  not  generated.  Afterward,  the 

5  counter  230  does  not  count  up  and  data  cannot  be 
erased. 

As  described  above,  since  an  erase  control 
signal  ERS  is  inhibited  from  issuing  when  the  num- 
ber  of  times  of  erase  counted  by  the  counter  230 

io  which  can  be  cleared  only  once,  amounts  to  a 
predetermined  value  2""1,  in  this  embodiment,  the 
memory  card  of  the  second  embodiment  can  be 
reused  by  means  of  a  rewritable  semiconductor 
memory.  In  this  memory  card,  the  number  of  times 

is  of  rewrite  can  always  be  restricted  to  a  predeter- 
mined  value.  Even  though  the  initialization  com- 
mand  leaks  out  to  a  user,  the  memory  card  can  be 
prevented  from  being  used  dishonestly  without  re- 
striction.  Since  the  erase  control  logic  210a  is  con- 

20  stituted  by  an  externally  inaccessible  wired  logic 
circuit,  the  number  of  times  of  initialization  cannot 
be  changed  dishonestly.  The  memory  card  of  the 
present  invention  is  superior  in  protection  of  re- 
sources  and  prevention  of  environmental  pollution 

25  to  a  disposable  prepaid  card  and  has  the  advan- 
tage  of  lower  manufacturing  costs  per  sheet  than 
that  of  the  latter  card. 

FIG.  9  is  a  block  diagram  showing  a  memory 
card  of  the  third  embodiment  of  the  present  inven- 

30  tion  and  corresponds  to  FIG.  1  showing  that  of  the 
first  embodiment.  FIG.  10  is  a  block  diagram  show- 
ing  the  details  of  an  erase  control  logic  210b  of  the 
memory  card  of  the  third  embodiment  and  cor- 
responds  to  FIG.  2. 

35  In  the  first  and  second  embodiments,  since  an 
erase  operation  is  performed  in  response  to  an 
erase  command  supplied  from  the  terminal  device, 
if  the  erase  command  is  leaked  to  a  user,  he  or 
she  rewrites  the  memory  card  dishonestly  by  the 

40  above-mentioned  predetermined  number  of  times 
by  means  of  a  user  terminal  device.  To  eliminate 
this  problem,  the  third  embodiment  requires  not 
only  the  erase  command  but  also  key  verification 
for  verifying  a  user  who  is  authorized  to  rewrite  a 

45  memory  card. 
More  specifically,  as  shown  in  FIG.  9,  the 

memory  card  of  the  third  embodiment  comprises  a 
verify  control  logic  circuit  150  which  is  not  included 
in  that  of  the  first  embodiment,  and  is  so  con- 

50  structed  that  a  key  which  represents  an  authorized 
user  and  a  key  by  which  data  is  input  to  the 
terminal  device  are  verified  with  each  other  based 
on  a  verify  command  output  from  the  command 
decoder  20  and,  if  both  the  keys  coincide  with 

55  each  other,  a  rewrite  (erase)  enable  signal  EN  is 
supplied  to  the  erase  control  logic  210b. 

As  shown  in  FIG.  10,  the  enable  signal  EN  is 
input  to  the  AND  gate  214  for  carrying  out  an  AND 

7 
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operation  between  the  output  of  EPROM  200  and 
the  timing  signal  Co  of  timing  control  circuit  212. 
The  key  representing  the  authorized  user  is  stored 
in  a  key  memory  160  which  is  one  of  memories  of 
a  chip. 

Therefore,  the  erase  control  logic  210b  is  not 
allowed  to  rewrite  data  of  the  user  memory  100 
until  it  receives  the  enable  signal  EN.  The  enable 
signal  EN  is  not  output  from  the  verify  control  logic 
150  unless  the  key  representing  the  authorized 
user  is  input  thereto.  Even  though  the  erase  com- 
mand  ERASE  is  input  from  the  terminal  device,  the 
erase  control  signal  ERS  is  not  output  from  the 
erase  control  logic  210b.  A  third  party  other  than 
the  authorized  user  can  be  reliably  prevented  from 
rewriting  the  memory  card. 

Though  not  shown,  the  second  embodiment 
can  be  modified  like  the  third  embodiment.  If  the 
enable  signal  EN  is  supplied  to  the  AND  gate  242 
of  the  second  embodiment,  the  erase  control  logic 
210a  is  not  allowed  to  rewrite  data  of  the  user 
memory  100  until  it  receives  the  enable  signal  EN. 

As  has  been  described  above,  according  to  the 
present  invention,  since  the  number  of  times  of 
erase  is  counted,  using  a  memory  which  cannot  be 
externally  rewritten  or  a  counter  which  cannot  be 
cleared,  to  inhibit  an  erase  operation  from  being 
performed  over  a  predetermined  number  of  times, 
an  adverse  influence  of  erase  can  be  minimized 
even  though  a  dishonest  erase  operation  is  carried 
out  by  decoding  an  erase  command.  Since,  further- 
more,  a  key  is  used  to  determine  whether  a  user  is 
authorized  to  perform  an  erase  operation,  it  is  very 
difficult  to  do  it  dishonestly, 

Additional  advantages  and  modifications  will 
readily  occur  to  those  skilled  in  the  art.  Therefore, 
the  present  invention  in  its  broader  aspects  is  not 
limited  to  the  specific  details,  representative  de- 
vices,  and  illustrated  examples  shown  and  de- 
scribed  herein.  Accordingly,  various  modifications 
may  be  made  without  departing  from  the  spirit  or 
scope  of  the  general  inventive  concept  as  defined 
by  the  appended  claims  and  their  equivalents.  For 
example,  in  the  above  embodiments,  the  memory 
card  is  used  as  a  prepaid  card  for  public  tele- 
phones;  however,  it  can  be  used  as  whatever  pre- 
paid  cards.  Moreover,  the  memory  card  is  not 
limited  to  the  prepaid  cards,  but  can  be  used 
versatilely. 

A  memory  card  of  the  present  invention  serves 
as  a  reusable  prepaid  card.  In  the  memory  card, 
prepaid-money  data  is  stored  in  a  user  memory 
(100)  constituted  of  a  flash  erase  EEPROM,  and 
decreased  as  the  card  is  used.  When  the  prepaid- 
money  data  becomes  zero,  the  user  memory  (100) 
is  initialized.  The  memory  card  includes  an  EP- 
ROM  (200)  to  which  data  of  a  predetermined  num- 
ber  of  times  of  initialization  is  preset  and  which 

decreases  in  data  of  the  number  of  times  of  initial- 
ization  and  an  initialization  control  logic  (210)  for 
executing  initialization  in  response  to  an  initializa- 
tion  command  until  data  of  the  EPROM  (200)  be- 

5  comes  zero,  and  inhibiting  the  initialization  even 
though  the  initialization  command  is  input  when  the 
data  becomes  zero. 

Claims 
10 

1.  A  memory  card  comprising: 
memory  means  (100)  capable  of  being  ini- 

tialized;  and 
means  (110,  120)  for  initializing  said  mem- 

is  ory  means  upon  receiving  an  initialization  com- 
mand,  characterized  by  comprising: 

means  (200)  for  counting  the  number  of 
times  said  memory  means  is  initialized  by  said 
initializing  means;  and 

20  initialization  control  means  (210)  for,  when 
the  number  of  times  counted  by  said  counting 
means  is  equal  to  or  larger  than  a  predeter- 
mined  value,  inhibiting  said  initializing  means 
from  being  operated. 

25 
2.  The  memory  card  according  to  claim  1,  char- 

acterized  by  comprising: 
means  (160)  for  storing  a  key  necessary 

for  initializing  said  memory  means; 
30  means  (150)  for  verifying  whether  the  a 

input  by  an  operator  coincides  with  the  key 
stored  in  said  storing  means,  and  allowing  said 
initializing  means  to  be  operated  when  both 
the  keys  coincide  with  each  other. 

35 
3.  The  memory  card  according  to  claim  1  or  2, 

characterized  in  that  said  memory  means  in- 
cludes  a  flash  erase  type  EEPROM. 

40  4.  The  memory  card  according  to  claim  1  or  2, 
characterized  in  that  said  memory  means  in- 
cludes  a  flash  erase  type  EEPROM  having  a 
large  number  of  memory  cells,  a  predeter- 
mined  number  of  memory  cells  of  said  large 

45  number  of  memory  cells  being  set  to  a  first 
level  in  an  initial  state  and  changed  in  se- 
quence  from  the  first  level  to  a  second  level, 
and 

said  initializing  means  simultaneously 
50  changes  levels  of  said  predetermined  number 

of  memory  cells  to  the  first  level. 

5.  The  memory  card  according  to  claim  1  or  2, 
characterized  in  that  said  counting  means  in- 

55  eludes  an  EPROM  whose  data  is  rewritten 
every  initialization  of  said  memory  means. 

8 



13  EP  0  646  892  A2  14 

6.  The  memory  card  according  to  claim  1  or  2, 
characterized  in  that  said  counting  means  in- 
cludes  a  large  number  of  fuses,  and  one  of 
said  large  number  of  fuses  is  cut  off  every 
initialization  of  said  memory  means.  5 

7.  The  memory  card  according  to  claim  1  or  2, 
characterized  in  that  said  counting  means  in- 
cludes  a  counter  which  is  cleared  before  a  first 
initialization  of  said  memory  means  starts  and  10 
which  counts  up  every  initialization  of  said 
memory  means. 

8. The  memory  card  according  to  claim  1  or  2, 
characterized  in  that  said  memory  means 
stores  prepaid  money  data. 

75 

The  memory  card  according  to  claim  1  or  2, 
characterized  in  that  said  counting  means  in- 
cludes  a  wired  logic  circuit,  and  said  initializa-  20 
tion  control  means  includes  a  logic  gate  for 
supplying  the  initialization  command  to  said 
initializing  means,  said  logic  gate  being  ren- 
dered  nonconductive  when  the  number  of 
times  of  initialization  amounts  to  the  predeter-  25 
mined  value. 
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